Introduction

!
Preoperative diagnosis of solid pancreatic lesions (SPLs) is crucial. Erroneous diagnosis may lead to unnecessary surgery for benign SPLs or may result in the progression of early stage pancreatic cancer to an incurable one. Endoscopic ultrasound-guided fine needle aspiration (EUS-FNA) is currently considered to be the best test for diagnosing SPLs, with reported sensitivity and specificity rates of 91 % and 94 %, respectively [1, 2] . However, EUS-FNA has certain limitations, including requiring an onsite cytopathologist to enhance the efficacy of the procedure, which is a limitation at many institutions [3] .
Needle-based confocal laser endomicroscopy (nCLE) is a novel imaging technology that can provide real-time magnified endoscopic images at the cellular level at 1000-fold magnification. It can be inserted through a 19-guage EUS-FNA needle. It was used in a few studies for diagnosing SPLs, nevertheless, no center has reported the results of its clinical application in a prospective fashion; we therefore prospectively assessed, in a blinded manner, the findings of EUS-nCLE in SPLs as a pilot study. In addition, we evaluated interobserver agreement in all off-line images.
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Background and study aims: Endoscopic ultrasound-guided needle-based confocal laser endomicroscopy (EUS-nCLE) has been shown to aid in the diagnosis of cystic pancreatic lesions. This is a pilot project to study its findings in patients with solid pancreatic lesions (SPLs) with a prospective single-blinded study design. Methods: Patients with SPLs undergoing transgastric EUS fine needle aspiration (EUS-FNA) from July 2013 to March 2014 were prospectively enrolled. The nCLE diagnoses were compared with the final diagnoses. Researchers learned about the EUS-nCLE findings from previously published studies and applied it to diagnose SPLs. In the meantime, the findings were recorded. Results: In total, 22 patients were recruited (mean age 62.7 years, SD 13.8 years; 14 men and eight women). The mean maximal tumor diameter was 36.0 mm (SD 10.9 mm). EUS-nCLE yielded satisfactory images in all patients during the first EUS procedure and diagnosed benign and malignant SPLs in 3 and 19 patients, respectively. Final diagnoses of malignant SPLs were made in 19 patients. Benign SPLs were eventually diagnosed in three patients, with confirmed the cytology and disease stability during the 12-month follow-up period. At the end of the project, based on the results of this current study, EUS-nCLE findings for malignant SPLs were dark clumping with or without dilated vessels (> 40 μm). There were two criteria for diagnosing benign lesions which were white fibrous bands and normal acini cells. The accuracy rate of EUS-nCLE was 90.9 % (20/22). One falsely diagnosed malignant SPL was an inflammatory mass from a recent acute pancreatitis. Another one with a pancreatic neuroendocrine tumor presenting with a symptomatic pseudocyst was incorrectly diagnosed as an inflammatory mass. This was likely from sampling error of the EUS-nCLE probe in an inflammatory area. Only one patient had post EUS-FNA bleeding but did not require a blood transfusion. The inter-observer agreement among three blinded endoscopists was almost perfect (Kappa 0.82). Conclusion: EUS-nCLE is a promising technique for the diagnosis of SPLs with good inter-observer agreement.
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Patients and methods
!
Patients
Only the multi-centered study conducted by Giovanini et al. has thus far reported the findings of EUS-nCLE in SPLs in abstract form [4] . We hence reviewed the abstract and video findings obtained from the study through http://www.cellvizio.net, and performed EUS-nCLE in known cases of pancreatic adenocarcinoma (n = 2) and mass-forming chronic pancreatitis (n = 1). Multiple reviews from these images made us sufficiently confident to interpret the results of EUS-nCLE from SPLs. This investigation was performed as a prospective single-blinded study. It was conducted during the period July 2013 to March 2014, after permission had been granted from the institutional review board (IRB) of Chulalongkorn University, Bangkok, Thailand (IRB number 472/55, approval date February 7, 2013). The study was registered at www.clinicaltrials.in.th (TCTR identification number TCTR20140402001). The study was funded by King Chulalongkorn Memorial Hospital and Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand. The inclusion criteria were as follows: patients with identified SPLs from prior computed tomography (CT) or magnetic resonance imaging (MRI); patients in whom EUS-nCLE could be performed transgastrically; patients with probable cancer masses considered potentially unresectable (in order to avoid the risk of seeding in potentially resectable ones); and patients older than 18 years. The reason that we performed only a transgastric procedure was because, at that time, we thought that the nCLE miniprobe could be easily damaged if a transduodenal approach was selected. The exclusion criteria included the presence of a potentially resectable cancer mass (as we were concerned about possible transgastric seeding from the EUS-FNA procedure); SPLs identified by previous radiological methods that were confirmed as cystic masses during the EUS procedure, allergy to fluorescein, renal insufficiency, and pregnancy or breast-feeding. The withdrawal criterion was technical failure of the EUS-nCLE procedure. An informed consent was obtained from every patient before the procedure.
Methods
Statistics and sample size calculation
As a prospective study of EUS-nCLE for diagnosing SPLs had never been conducted before this study, this current project was hence a pilot one. We planned to recruit 24 patients to accomplish the purpose of the study. 
nCLE miniprobe
The details of the nCLE miniprobe have been described previously [5] . Briefly, the nCLE miniprobe has a diameter of 0.85 mm, has a 1000 × magnification at the cellular level, and can be inserted through a 19-gauge EUS-FNA needle. To enhance mass imaging, 10 % fluorescein sodium (range 2.5 -5 mL) was injected intravenously immediately before placing the EUS-FNA needle and nCLE miniprobe into the mass.
Procedures
Patient data, radiological imaging data, and relevant clinical information were reviewed and recorded by the research team. Patients who met the inclusion criteria and who had SPLs that could potentially be punctured by the transgastric EUS-FNA/EUS-nCLE procedure were brought to the endoscopy room. The procedure was performed using one of the linear-array echoendoscopes (EG-530UT2, FUJIFILM Corporation, Tokyo, Japan; GF-UCT140-AL5, Olympus Medical System Corp., Japan). EUS-FNA was performed with a blunt-tipped 19-gauge Access needle (EchoTip Ultra HD Ultrasound Access Needle; ECHO-HD-19-A; Wilson-Cook Endoscopy, Winston-Salem, NC, USA). The EUS-FNA needle must be a 19-gauge needle to allow the nCLE probe to pass through it. Previously in our center, we experienced partial tears of the guidewire during EUS-guided therapeutic procedures when the wire is withdrawn back into the EUS-FNA needle. For this reason, to avoid possible damage to the nCLE miniprobe, we specifically chose the Access needle due to its blunt tip and selected only SPLs that could be approached transgastrically. Before starting the procedure, the nCLE miniprobe was inserted into the EUS-FNA needle. The tip of the nCLE miniprobe was placed 3 -5 mm outside the tip of the needle. The external end of the nCLE miniprobe was then secured with a locking device to maintain an accurate distance from the EUS-FNA needle sheet. Next, the miniprobe was removed and replaced with the stylet of the EUS-FNA needle, and the standard EUS-FNA procedure was performed. After the endosonographer had inserted the needle into the target area, the stylet was removed and replaced with the nCLE miniprobe using a post-loading technique as previously described [5] . Before the FNA needle was inserted into the target area, 2.5 -5 mL of 10 % fluorescein sodium was injected. The endosonographer (P. K.) adjusted the needle to the most appropriate area according to his clinical judgment. The interpreter (R. P.), who was blinded to the relevant clinical information was then brought into the room. The ultrasound images were kept away from her view. After she had identified the optimal images for making a SPL diagnosis, she subsequently informed the endosonographer to slow down or stop the movement of the EUS-FNA needle. She then read the nCLE images until she was satisfied with the results and later made a diagnosis based on these images. The nCLE diagnosis was classified as either a benign or a malignant SPL. If the interpreter could not identify satisfactory images, she informed the endosonographer to move the nCLE miniprobe to another location using the standard fanning technique (moving the nCLE miniprobe back and forth, up and down, or left and right inside the mass). If satisfactory images could not be obtained even after repositioning the nCLE miniprobe, the EUS-FNA needle and nCLE equipment were removed and the target area repunctured. During the re-adjustment procedure, the interpreter was asked to view only nCLE imaging. After the diagnosis had been made, the probe was removed from the sheet. Then, the endosonographer initiated the standard EUS-FNA procedure and sampled the tissue from the target area. This tissue was sent to the cytopathologist (P. S.), who made a cytopathological diagnosis. Cytopathological diagnoses were classified into positive for malignancy, suspicious for malignancy, benign cells, and tissue inadequate for interpretation.
EUS-nCLE findings and diagnosis
During the study period, after finishing each EUS-nCLE procedure and after diagnosis was made in each patient, our interpreter of EUS-nCLE findings (R. P.) was informed about all clinical information and the most likely diagnoses. Certainly, the final diagnoses, once available, were reported to her as well. This was in order to improve her diagnostic skill as a learning curve. As the study went by, case by case, she learned, created, and adapted EUS-nCLE findings to aid the diagnosis of SPLs. However, EUSnCLE diagnoses to be compared with final diagnoses were obtained during the procedure by our interpreter (R. P.).
Inter-observer agreement
All nCLE images were collected at the end of the study and presented in off-line mode to three experienced endoscopists (P. K., R. P., and P. P.) who were blinded to all clinical and other related information to make a diagnosis of SPLs as either benign or malignant ones. Results were calculated for inter-observer agreement.
Final diagnoses
The nCLE diagnoses were compared with the final diagnoses, the latter of which were considered to be the gold standard. Final diagnoses were classified into two groups: definitive and probable diagnoses (• " Table1). For benign SPLs, the criteria for a definitive diagnosis were (1) confirmed histology (by FNA or histology) and (2) stable disease after a 12-month follow-up period. Alternatively, a probable diagnosis was made when only the second criterion was met. For malignant SPLs, the criterion for a diagnosis was a pathological diagnosis; a probable diagnosis was assigned when the 12-month follow-up exam revealed progression of the disease or masses. Finally, the nCLE diagnoses were compared with the final diagnoses. The sensitivity, specificity, positive predictive value, negative predictive value, and accuracy rate were calculated by SPSS program version 16.0. Clinical information, demographic data, and final diagnoses were compared between benign and malignant SPLs.
Adverse events
Before, during, and after the procedure, standard care for EUS-FNA patients was applied. Any procedure-related adverse events experienced by the patients were recorded. Admission to the hospital was under the discretion of the responsible physician. Any mishaps involving the EUS equipment, accessories, nCLE machine, or needle were also recorded [6] .
Results
!
A total of 27 patients were eligible for the study. Two patients were excluded for the following reasons: the SPL was determined to be resectable during the EUS procedure (as we were concerned about possible transgastric seeding from the EUS-FNA procedure) (n = 1) and the SPL was found to be a solid-cystic mass during the EUS procedure (n = 1). Subsequently, 25 patients were recruited. Three patients were withdrawn from the study for the following reasons: the EUS-FNA needle and nCLE miniprobe could not reach the target area which was located in the head of the pancreas (n = 1); EUS-FNA could not be performed due to intervening collateral vessels (n = 1); and an inadequate specimen was obtained from EUS-FNA, and the patient denied follow-up (n = 1). Eventually, the results from 22 patients (mean age 62.7 years, SD 13.8, 14 men/8 women) were analyzed. These patients presented with weight loss (n = 19), abdominal pain (n = 17), and jaundice (n = 11), in addition to one case of an incidental finding as shown in • " Fig.1 . Masses were primarily observed in the head (n = 15) of the pancreas, but the body (n = 6) and tail (n = 1) were also involved in certain cases. The mean maximal tumor diameter was 36.0 mm (SD 10.9 mm). The median time for the EUS-nCLE procedures was 8.2 minutes (range 1 -32 minutes). The median number of Eligible patients (n = 27) Excluded (n = 2) Withdrew (n = 3)
Malignant SPLs (n = 19)
Definite diagnosis (n = 16) 1st FNA (n = 13) Repeat FNA (n = 3)
Probable diagnosis (n = 3)
Benign SPLs (n = 3) Fig. 1 Number of patients recruited into the study. In total, 27 patients with SPLs were eligible for the study. Two were excluded and three withdrew from the study. Thirteen of these 16 patients were diagnosed by the first FNA that was performed at the same time as the EUS-nCLE procedure.
Another three patients were diagnosed as probable because either the 12-month follow-up showed progression of the disease (n = 1), or death from a pancreatic cancer-related cause occurred at 3 or 5 months (n = 2). Benign SPLs were eventually diagnosed in three patients, with confirmed cytology and with stable disease during the 12-month follow-up period in all patients.
• " Table 2 shows the findings from EUS-nCLE in each group of patients. After the progression of experience from case-by-case learning during the study, the results of EUS-nCLE from SPLs were categorized as follows. • " Video 2, were detected. Additionally, the findings observed in the normal pancreatic parenchyma were small black cell movements and normal acini. The results of the EUS-nCLE were compared with the final diagnoses (• " Table 3 ). Details with regard to the final diagnoses and number of patients with each disease are described in • " Table 4 and • " Table 5 , respectively. Of those 19 malignant SPLs, findings from EUS-nCLE made a correct diagnosis in 18 (94.7 %). One falsely diagnosed malignant SPL was a lesion in a 56-year-old woman with recent acute focal pancreatitis who developed an inflammatory mass in the pancreas. After the EUS-nCLE and EUS-FNA had been performed, the mass eventually disappeared at 7 months after the EUS procedure. EUS-nCLE finding in this case was a dark clump of cells. In contrast, one pancreatic neuroendocrine tumor in a 43-year-old man who presented with abdominal pain from a pseudocyst with main pancreatic duct obstruction at the head of the pancreas and portal vein invasion was falsely diagnosed as a benign SPL by EUS-nCLE findings. In the latter case, the nCLE finding showed only fibrous bands. Consequently, the patient developed liver metastasis during follow-up. Subsequent pathological results of EUS-FNA from the pancreatic mass confirmed the pancreatic neuroendocrine tumor. In this case, we hypothesized that the EUS-nCLE needle punctured into the inflammatory area rather than the pancreatic neuroendocrine tumor. This resulted in a false negative EUS-nCLE diagnosis.
At the end of the study, all nCLE images were presented in off-line mode to three experienced endoscopists (P. K., R. P., and P. P) who were blinded to all clinical and other related information. Diagnoses were individually made and calculated for an inter-observer agreement value. As a result, the inter-observer agreement for diagnosing SPLs with nCLE findings was almost perfect (Kappa 0.82).
A procedure-related adverse event occurred in one patient, a 66-year-old man who underwent successful EUS-nCLE and EUS-FNA procedures. During the procedure, multiple collateral vessels surrounding the SPL were noted. After the procedure, significant bloody content was noted endoscopically during withdrawal of the echoendoscope. This patient's hematocrit level dropped by 3 %, but no blood transfusion was required. The patient was admitted to the hospital for 2 days for close observation and was discharged uneventfully. SPLs, solid pancreatic lesions; EUS-nCLE, endoscopic ultrasound-guided needle-based confocal laser endomicroscopy. Eighteen patients with final diagnoses of malignant SPLs were correctly diagnosed by EUS-nCLE. One in three patients with benign SPLs were falsely diagnosed as having malignant SPLs according to the EUS-nCLE criteria. This patient had a solid pancreatic lesion due to recent acute pancreatitis. Another patient with a neuroendocrine tumor was falsely diagnosed as having benign SPLs based on the EUS-nCLE criteria. Inflammatory mass from recent acute pancreatitis 1 Original article E21 THIEME This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
Discussion ! Confocal laser endomicroscopy (CLE) is a novel technology providing real-time magnified endoscopic images at the cellular level at 1000-fold magnification. CLE has been used in several studies to facilitate a real-time diagnosis of mucosal diseases including Barrett's esophagus, gastric metaplasia, and colonic lesions [7 -10] . A recent meta-analysis of 11 studies of CLE performed to differentiate neoplastic and non-neoplastic lesions reported a sensitivity, specificity, and negative predictive value (NPV) of 94 %, 90 %, and 95 %, respectively [11] . Recently, needle-based confocal laser endomicroscopy (nCLE) has been introduced [12, 13] . The diameter of the nCLE miniprobe is less than 1 mm, thus, the miniprobe can be inserted through a 19-gauge EUS-FNA needle [14] . Consequently, endoscopic ultrasound guided nCLE (EUSnCLE) was first used to demonstrate its feasibility by Konda et al. in 2011 [5] . Subsequently, a few studies used it for evaluation of cystic and solid pancreatic lesions [4, 15 -18] . At the time of study initiation, EUS-nCLE signs in SPLs had been reported in a multi-center trial, the Clinical Evaluation of Needle-Based Confocal LASER Endomicroscopy (nCLE) for the Diagnosis of Pancreatic Masses (CONTACT) study in abstract form [4] . In 17 from 18 malignant SPLs, Giovannini et al. described two findings of "dark cell aggregates with pseudo-glandular aspects, and straight hyperdense elements more or less thick corresponding to tumoral fibrosis. This last element was preposterous in the fibrous stroma tumor". The authors also stated that "both signs were absent in the tumors with acini cells and endocrine tumor" and "normal pancreas shows an appearance of coffee beans corresponding to acinis". These findings were determined by the consensus of four investigators and one anatomopathologist who had seen all related clinical and available pathological information [4] . However, this current study is the first pilot one to evaluate its efficacy with a prospective study design. EUS-FNA is currently the gold standard for diagnosing SPLs, with sensitivity ranging from 86.8 % to 91.0 % and specificity from 95.0 % to 95.8 % [1, 19] . However, this is a demanding technique, as its efficacy is associated with several factors. The most important factor appears to be the presence of an onsite pathologist [20, 21] ; unfortunately, this immediate evaluation requires time for cytology staining and interpretation and this in turn can result in a longer time for the procedure. In addition, the optimal number of EUS-FNA passes needed to obtain a correct diagnosis of pancreatic masses is 7 [22] . In the present study, EUS-nCLE required 1 -2 passes to diagnose SPLs, with a median procedure duration of only approximately 8 minutes. This result supports the use of EUS-nCLE in clinical practice to potentially reduce procedure time and without the need for an onsite pathologist to rapidly interpret the specimen. Regarding EUS-nCLE findings from SPLs, in this current study, during the study time, we continuously gained more experience and became more familiar with the technique on a case by case basis by comparing our findings with the final diagnoses. At the end of the study, we collected all EUS-nCLE images from SPLs and classified these findings into groups of malignant and benign SPLs. Although a head-to-head comparison with pathology was not performed in our study, malignant cells were detected in the same procedure as EUS-nCLE in the majority of malignant SPLs (13/16 cases). Before the present study, a recent study by Giovannini et al., the CONTACT study, had addressed this issue as discussed above [4] . The study was an open-label one; all participants knew all of the related information before correlating the nCLE signs with the final diagnoses. No sensitivity, specificity, or accuracy rates were reported. Another small case series of four SPLs from Giovannini et al. reported large dark clumps which were claimed to correspond with humps of malignant cells [17] . Our study is the first that systematically evaluated the efficacy of EUS-nCLE for distinguishing between benign and malignant SPLs in a blinded manner. In comparison, the strengths of both studies were different; the CONTACT study correlated EUS-nCLE findings with histopathological results and these were reviewed by experts whereas this present study interpreted images in a systematically prospective blinded fashion. Both studies showed a similar criterion for malignant SPLs by describing them as dark clumps whereas the benign SPL was described as "find white fibrous bands and normal acinar cells in benign SPLs" in our study, and described as "normal pancreas shows an appearance of coffee beans corresponding to acinis" in the CONTACT study. In this current study, the inter-observer agreement for diagnosing SPLs with nCLE findings was almost perfect. This suggests that the criteria used in the present study are simple and likely applicable to daily clinical practice. In summary, the CONTACT study and the present study yielded some specific findings from nCLE imaging that can reliably distinguish between benign and malignant SPLs. Nevertheless, based on the results from these two studies and another small case series, a future study comparing findings from EUS-nCLE and histopathology in a prospective systematically blinded design is warranted.
No procedure related adverse events were reported in our series. In fact, based on available data, no adverse events associated with EUS-nCLE for SPLs have been reported among 20 patients from the two available studies [4, 5] . Unlike EUS-nCLE in cystic lesions, EUS-nCLE for SPLs had a very low rate of adverse events. Konda et al. reported two adverse events of acute pancreatitis from 16 EUS-nCLE procedures (12.5 %) for pancreatic cysts. In another multi-center study, the adverse event rate of EUS-nCLE was reported as 9 % when the procedure was performed in pancreatic cysts [16] . The distinguishable features associated with nCLE imaging could encourage other researchers and endosonographers to extend this study. The present study has several limitations, including a small number of patients, the lack of available surgical pathology for all patients, no direct correlation between the nCLE findings and histopathology, no data on intra-observer variations, limited varieties of SPL types, study cohort under-represented benign disease, and a single-center design. Larger studies with a similar design are strongly recommended to include all varieties of SPLs and to correlate EUS-nCLE findings with histopathology before EUS-nCLE can become a standard investigational tool for SPLs. Despite these limitations, the current study successfully demonstrated the feasibility of the EUS-nCLE technique for the diagnosis of SPLs. The promising results of this study warrant a further study with a larger population in the future.
In conclusion, EUS-nCLE can be safely performed on SPLs, as demonstrated by the present study. The initial results of this study indicate that this approach is a promising ancillary technique that may be used to distinguish between benign and malignant SPLs. Good inter-observer agreement in this present study suggested that the nCLE criteria used are simple and likely applicable in daily practice. The real-time histology can potentially save time and reduce the use of unnecessary resources required for the EUS-FNA procedure; however, the current price of the nCLE probe is probably too high to be a cost-effective method. Larger systematic studies are needed to address other topics, such as in-
